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ii 

A d e s c r i p t i o n  of computer programs f o r  t h e  bending  a n a l y s i s  of  t h e  

e l a s t i c - p l a s t i c  c i r c u l a r  p l a t e s  w i t h  a r b i t r a r y  ax isymmetr ic  l oad ing  and 

s u p p o r t  c o n d i t i o n  i s  p r e s e n t e d ,  Complete l i s t i n g s  of t h e  main r o u t i n e s  

t o g e t h e r  w i th  t h e  c o n c i s e  f low c h a r t s  of t h e  programs a r e  inc luded .  The 

programs a r e  p r e p a r e d  f o r  IBM 7094 d i g i t a l  computer.  Both s i n g l e  p r e c i -  

s i o n  and double  p r e c i s i o n  F o r t r a n  IV l anguage  have been employed. An 

example i s  p r e s e n t e d  t o  a i d  i n  t h e  a p p l i c a t i o n  of t h e  programs. To a t t a i n  

an  i n s i g h t  i n t o  some of  t h e  d e t a i l s  of t h e  programs t h e  r e a d e r  i s  r e f e r r e d  

t o  Ref.  [l].” 

9~ Numbers i n  b r a c k e t s  d e s i g n a t e  t h e  r e f e r e n c e s ,  



I. INTRODUCPlON 

. The computer programs p r e s ~ ~ t e d  i n  t h i s  r e p o r t  have been developed  f o r  

t h e  e l a s t i c - p l a s t i c  bending a n a l y s i s  of c i r c u l a r  p l a t e s  w i t h  ax i symmet r i ca l  

l o a d  and suppor t  c o n d i t i o n s .  Incrementa l  t h e o r y  of p l a s t i c i t y  h a s  been used 

i n  t h e  a n a l y s i s .  The deformat ions  a r e  assumed t o  be  s m a l l ,  K i r c h h o f f ' s  

h y p o t h e s i s  i s  adopted  and shea r  de fo rma t ion  i s  n e g l e c t e d ,  F i n i t e  e lement  

t y p e  of  s o l u t i o n  u s i n g  t h e  d i r e c t  s t i f f n e s s  method of s t r u c t u r a l  a n a l y s i s  h a s  

been  employed. The r e a d e r  i s  r e f e r r e d  t o  Ref.  [I] f o r  a comple te  accoun t  of 

t h e  t h e o r e t i c a l  f o r m u l a t i o n  of t h e  problem. A b r i e f  d e s c r i p t i o n  of t h e  b a s i c  

i d e a  of  t h e  method of s o l u t i o n  t o  t h e  extent .  which i s  e s s e n t i a l  t o  f o l l o w  and 

u s e  t h e  computer programs fo l lows .  

For  t h e  purposes  of t h e  a n a l y s i s ,  a p l a t e  i s  d i v i d e d  i n t o  a number of 

r i n g  e lements  a s  shown i n  F i g ,  1. The p o s i t i v e  d i r e c t i o n  of increments  of 

n o d a l  s t ress  r e s u l t a n t s  and d isp lacements  a r e  i n d i c a t e d  i n  t h i s  f i g u r e ,  For  

a c i r c u l a r  p l a t e  t h e  c e n t r a l  e lement  i s  a d i s c  a s  shown i n  F i g .  2. Each 

e lement  i s  f u r t h e r  subd iv ided  i n t o  a number of l a y e r s  a l o n g  t h e  d e p t h  of t h e  

p l a t e ,  see F i g .  3 .  Ihe  l a t t e r  a r e  t h e  s m a l l e s t  s u b d i v i s i o n s  whose l o a d  

h i s t o r y  i s  fo l lowed i n  t h e  proposed inc remen ta l  method o f  a n a l y s i s ,  

The p l a t e  i s  assumed t o  b, i n i t i a l l y  fret: f rcm r e s i d u a l  s t resses .  The 

f i r s t  increment  of l oad  i s  5 0  chosen  t h a t  y i e l d i n g  j u s t  s t a r t s  i n  one of t h e  

l a y e r s  of t h e  p l a t e .  T h e r e a f t e r  t h e  load  i s  a p p l i e d  i n  s m a l l  i nc remen t s .  

For  each  l o a d  increment  a f t e r  t he  d i sp lacemen t s  a r e  found,  t h e  inc remen t s  i n  

c u r v a t u r e ,  s t r a i n  and s t ress  a re  c a l c u l a t e d ,  This de te rmines  t h e  new s t a t e  

of s t ress  f o r  which t h e  cor responding  m a t e r i a l  p r o p e r t i e s  a r e  found.  I n  t h e  

computer program an  ave rage  va lue  f o r  m a t e r i a l  p rope rcy  i s  de te rmined  f o r  each 
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increment  of  load .  The d e t a i l s  of t h i s  p rocedure  a r e  p r e s e n t e d  i n  S e c t i o n  V I  

of  t h i s  r e p o r t .  

Both t r i b u t a r y  a r e a  and c o n s i s t e n t  e q u i v a l e n t  nodal  r i n g  f o r c e s  [2 ]  have 

been used. A comparison o f  t h e  r e s u l t s  u s i n g  t h e  two approaches  shows t h a t  

t h e  d i f f e r e n c e  i s  n o t  v e r y  s i g n i f i c a n t  f o r  s m a l l  s i z e  e l e m e n t s .  

c 
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11. DESCRlPTION OF COMPUTER PROGRAMS 

. 

Two sets  of computer programs have been p r e p a r e d  i n  F o r t r a n  I V  language  

f o r  t h e  s o l u t i o n  of clamped and s imply  suppor t ed  p l a t e s  s u b j e c t  t o  a x i -  

symmetric l o a d i n g  and boundary c o n d i t i o n s .  The programs have been w r i t t e n  

f o r  IBM 7094 d i g i t a l  computer.  One s e t  of t h e  programs i s  f o r  e l a s t i c  pe r -  

f e c t l y  p l a s t i c  m a t e r i a l  and the  o t h e r  f o r  ha rden ing  m a t e r i a l .  Although t h e  

i d e a  of s o l u t i o n  i s  e s s e n t i a l l y  t h e  same i n  both  c a s e s ,  t h e r e  a r e  d i f f e r e n c e s  

i n  d e t a i l s  due t o  i n h e r e n t  sources  of numer ica l  i n a c c u r a c i e s ,  This  q u e s t i o n  

i s  d i s c u s s e d  i n  d e t a i l  i n  Ref ,  [l]. 

I n  o r d e r  t o  a c h i e v e  t h e  r e q u i r e d  accu racy ,  t h e  program f o r  h a r d e n i n g  

m a t e r i a l  i s  w r i t t e n  i n  double  p r e c i s i o n  language i n  which 16 s i g n i f i c a n t  

d i g i t s  a r e  u t i l i z e d  i n  t h e  a n a l y s i s .  I n  t h e  program f o r  e l a s t i c - p e r f e c t l y  

p l a s t i c  m a t e r i a l  t h e  e l emen t s  of  m a t r i c e s  [BVl  and [SKI  have  been expanded 

i n  terms of  (1-DR) t-r! t r e a t  s e p a r a t e l y  t h e  f a c t c s  r a i - c i n o  -------e ill conditioning. 

Each s e t  of  programs c o n s i s t s  of e s s e n t i a l l y  two p a r t s .  There i s  a main 

-1 

r o u t i n e  i n  which most of  t h e  da t a  a r e  r e a d  and d i sp lacemen t s  and s t ress  

r e s u l t a n t s  a t  noda l  r i n g s  a r e  c a l c u l a t e d  and p r i n t e d  o u t ,  I n  t h e  o t h e r  

p a r t ,  depending on t h e  t y p e  of t h e  m a t e r i a l ,  one o r  two s u b r o u t i n e s  a r e  used  

t o  c a l c u l a t e  t h e  m a t e r i a l  p r o p e r t i e s  and t h e  q u a n t i t i e s  a s s o c i a t e d  w i t h  them. 

The number o f  e lements  and l a y e r s  which can  be used  v a r i e s  f o r  t h e  two 

sets  of programs a s  e x p l a i n e d  below. The c a p a c i t y  of t h e  programs can  be 

ex tended  by u t i l i z i n g  t a p e s ,  Although t h e  p r e s e n t  programs have  been w r i t t e n  

f o r  s imply  suppor t ed  and clamped c i r c u l a r  p l a t e s ,  wi rh  s l i g h t  m o d i f i c a t i o n s  
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. 

r i n g  p l a t e s  w i t h  t h e  same type  of boundary c o n d i t i o n s  can be  e a s i l y  t r e a t e d .  

A b r i e f  d e s c r i p t i o n  of t h e  f u n c t i o n  of each r o u t i n e  fo l lows .  

2 . 1  The Computer Program f o r  E l a s t i c - P e r f e c t l y  P l a s t i c  M a t e r i a l  

P r e s e n t l y  a 30 element  60 l a y e r  p l a t e  can  be  hand led ,  By 

d e c r e a s i n g  t h e  number of  l a y e r s  more e lements  can be used .  Nodal 

r i n g  l o a d s  i n  t h i s  program a r e  t r i b u t a r y ,  S i n g l e  P r e c i s i o n  F o r t r a n  

IV language i s  used,  

A .  (EPPACP) E l a s t i c - P e r f e c t l y  P l a s t i c  Ana lys i s  of C i r c u l a r  P l a t e s  

This  r o u t i n e  i s  f o r  t h e  m a t r i x  s o l u t i o n  of t h e  e l a s t i c -  

p e r f e c t l y  p l a s t i c  bending of  p l a t e s .  The i n p u t  d a t a  i s  r e a d  

i n  t h i s  r o u t i n e  and t h e  noda l  r i n g  d i sp lacemen t s  and s t r e s s  

r e s u l t a n t s  a r e  c a l c u l a t e d  and p r i n t e d  o u t .  

B. (AMAFUN) Formation of Average ~ M a t e r i a l  P r o p e r t y  F u n c t i o n s  

The f u n c t i o n  of t h i s  s u b r o u t i n e  i s  t o  form t h e  ave rage  

m a t e r i a l  p r o p e r t y  f u n c t i o n  f o r  each  increment  of  e x t e r n a l  

l o a d ,  These f u n c t i o n s  a r e  t h e n  used  i n  r o u t i n e  EPPACP t o  

de te rmine  t h e  d isp lacements  and s t ress  r e s u l t a n t s .  

C. (IMAFUN) Formation of I n i t i a l  M a t e r i a l  P r o p e r t y  Func t ions  

The d i sp lacemen t s  o b t a i n e d  i n  r o u t i n e  EPPACP a r e  used  t o  

f i n d  t h e  c u r v a t u r e s ,  s t r a i n s ,  s t a t e  of s t ress  and magnitude of 

i n i t i a l  m a t e r i a l  p r o p e r t y  f u n c t i o n s  f o r  t h e  n e x t  increment  of  

l oad .  
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D. (MATINV) M a t r i x  I n v e r s i o n  

This  sclbrout ine i s  used i n  EPPACP f o r  i n v e r s i o n  of m a t r i x  

[BK]. I n  t h e  p r e s e n t  form m a t r i x  i B K l  i s  nonsymmetric.  I f  i t  

i s  necessa ry  t o  save  computer s t o r a g e  p l a c e s ,  i t  can  be e a s i l y  

symmetrized 

2.2 The Computer Program f o r  Hardening Mate r i a l s -  

The r o u t i n e s  a r e  a l l  i n  Double P r e c i s i o n  F o r t r a n  I V  language.  

The number of e lements  and l a y e r s  which i s  p r e s e n t l y  hand led  i n  t h i s  

program a r e  20 and 40, r e s p e c t i v e l y .  Other  combina t ions  of  e l emen t s  

and l a y e r s  can be used. 

A b r i e f  d e s c r i . p t i o n  of t h e  r o u t i n e s  i n  t h i s  program i s  a s  

fo l lows  : 

A. (EPACP) E l a s t i c - P l a s t i c  Ana lys i s  of C i r c u l a r  P l a t e s  

This  r o u t i n e  i s  for t h e  m a t r i x  s o l u t i o n  of  t h e  p l a t e  made 

o f  ha rden ing  m a t e r i a l .  Most o f  t h e  i n p u t  d a t a  i s  r e a d  i n  t h i s  

r o u t i n e .  Nodal r i n g  d i sp lacemen t s  and s t r e s s  r e s u l t a n t s  a r e  

c a l c u l a t e d  and p r i n t e d  o u t ,  

B. (ENRIL) Equ iva len t  Nodal Ring Load 

This s u b r o u t i n e  i s  used  t o  c a l c u l a t e  t h e  c o n s i s t e n t  noda l  

r i n g  f o r c e s  assuming l i n e a r  v a r i a t i o n  of l o a d s  between t h e  nodal  

r i n g s .  I f  i t  i s  d e s i r e d  t o  use t r i b u t a r y  noda l  r i n g  f o r c e s  o r  

i s o l a t e d  c o n c e n t r a t e d  r i n g  l o a d s ,  t h i s  s u b r o u t i n e  shou ld  be 

d e l e t e d  and (EPACP) mod i f i ed  a c c o r d i n g l y .  
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I -  C. (MATINV) M a t r i x  Inve r s ion ,  

Th i s  s u b r o u t i n e  i s  used  i n  r o u t i n e  EPACP f o r  t h e  i n v e r s i o n  

o f  band m a t r i x  [BK] ,  Ma t r ix  [BK]  i s  nonsymmetric.  

D.  (IN) Matr ix  I n v e r s i o n  

Th i s  s u b r o u t i n e  i s  f o r  t h e  i n v e r s i o n  of m a t r i x  [BV].  

M a t r i x  [BB] i s  nonsymmetric, 

E.  (MATFUN) Formation o f  M a t e r i a l  P r o p e r t y  Func t ions  

I n  t h i s  s u b r o u t i n e  both  t h e  ave rage  m a t e r i a l  p r o p e r t y  

f u n c t i o n s  i n  each s t e p  of l o a d  and t h e  i n i t i a l  f u n c t i o n s  f o r  

t h e  nex t  increment  o f  l o a d  a r e  computed. 

F. (INTER) I n t e r p o l a t i o n  

This  s u b r o u t i n e  i s  used  t o  pe r fo rm l i n e a r  i n t e r p o l a t i o n  

on e f f e c t i v e  stress-tangent modulus cu rve  f o r  h a r d e n i n g  

m a t e r i a  Is 
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111. INPUT DATA ARRANGEMENT FOR ELASTIC-PERFECTLY PLASTIC PROGRAM 

The o r d e r  of d a t a  c a r d s  i s  a s  f o l l o w s :  

- 
Sequence No. No. of Cards D e s c r i p t i o n  

1JC . . . . . . .  1 . . . . .  Number of  l o a d  sys t ems ,  NP 

Format 

I 2  

2 . . . . . . .  1 . . . . .  T i t l e  c a r d  c o n t a i n i n g  72 
a lphanumer ic  c h a r a c t e r s  

3 . . . . . . .  1 . . . . .  Number of l a y e r s ,  NL 

4 I4 

8F9.5 
I Number of e l e m e n t s ,  NE 

Number of l o a d  inc remen t s  
i n  one l o a d  sys tem,  NLL 
Number i n d i c a t i n g  t h e  t y p e  
of boundary c o n d i t i o n s ,  NBCJC* 

4 . . . .  Batch of c a r d s .  . .  Thickness  of  e l e m e n t s ,  H 

5 . . . .  Batch of c a r d s .  . .  R a d i i  of e l e m e n t s ,  R 8F9.5 

6 . . . . . . .  1 . . . . .  P o i s s o n ' s  r a t i o ,  U F9.5  

Modulus of e l a s t i c i t y ,  E 2E12.6 
Y i e l d  s t ress ,  TY 

7**" . . .  Batch of c a r d s .  . .  Nodal r i n g  l o a d  inc remen t s ,  P I  6E12.6 

;k Up t o  99 load  sys tems can b e  ana lyzed  i f  d e s i r e d .  

7 ~ :  NJ3C = 0 f o r  s imply  suppor ted  p l a t e ,  o t h e r w i s e  f o r  clamped p l a t e .  

*J:J: The noda l  r i n g  l o a d s  a r e  p o s i t i v e  i n  t h e  d i r e c t i o n  of z a x i s ,  see F i g .  1. 
Except  f o r  t h e  f i r s t  increment  of l oad  t h e  r e s t  of  l o a d  inc remen t s  a r e  used  
twice,  see S e c t i o n  V I .  The noda l  r i n g  l o a d s  i n  t h i s  program a r e  o b t a i n e d  
by t r i b u t a r y  a r e a  method. It h a s  been found t h a t  a l l o c a t i n g  t h e  d i s t r i -  
bu ted  l o a d  ha l f -way between t h e  n e i g h b o r i n g  e l emen t s  i n  t h e  noda l  r i n g  l o a d  
l e a d s  t o  s a t i s f a c t o r y  resu l t s .  
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I V  . INPUT DATA ARRANGEMENT FOR HARDENING MATERlAL PROGRAM 

Sequence No. No. of Cards Des c r  i p  t i o n  

l* . . . . e . 1 a Number of l o a d  sys t ems ,  NP 

Format 

I 2  

2 . . . . . . 1 e . T i t l e  c a r d  c o n t a i n i n g  72 
a lphanumer ic  c h a r a c t e r s  

4 I4 

D12 I 6 

I 3 . . . 1 - , Number of  l a y e r s ,  NL 
Number of  e l e m e n t s ,  NE 
Number of  l o a d  increments  
i n  one l o a d  sys tem,  NLL 
Number i n d i c a t i n g  t h e  type  
of boundary c o n d i t i o n ,  NBCJcJc 

4 . . . . . . . 1 . Thickness  of  p l a t e ,  H 

5 . . . . . Batch of ca rds .  . R a d i i  of e l e m e n t s ,  R 6D12.6 

6 . . . . . . 1 . a . Modulus of E l a s t i c i t y ,  E D12.6 

P o i s s o n ' s  r a t i o ,  z! D 8 . 3  

7 . . . . . . e 1 . . Number of d a t a  p o i n t s  i n  
e f f e c t i v e  s t r e s s - t a n g e n t  
modulus d iagram,  ND I 4  

8 . . . . . Batch of c a r d s .  , S t r e s s  v a l u e s  an  e f f e c t i v e  
s t r e s s - t a n ,  mod- d iagram,  SD 6D12 3 

9 . . . . . Batch of c a r d s ,  , Corresponding  t a n ,  moduli  on 
t h e  s t r e s s - t a n ,  modulus 
d iagram,  ED 

log;** . . ~ ~ Batch of c a r d s .  Load i n c r e m e n t s ,  P 

* Up t o  99 load  systems can be ana lyzed  i f  d e s i r e d ,  

*Jc NBC = 0 f o r  s imply  suppor ted  p l a t e ,  o t h e r w i s e  f o r  clamped p l a t e .  

6D12.3 

4D15.5 

w;* The nodal  r i n g  l o a d s  a r e  p o s i t i v e  i n  t h e  d i r e c t i o n  of z a x i s ,  see F i g .  1. 
Except  f o r  t h e  f i r s t  increment  of l o a d  t h e  r e s t  of  l o a d  inc remen t s  a r e  used  
t w i c e ,  s e e  S e c t i o n  V I .  The l o a d s  i n  t h i s  program a r e  t h e  ampl i tude  of t h e  
d i s t r i b u t e d  l o a d s  a t  nodal r i n g s  and a l s o  a t  t h e  c e n t e r  of  t h e  p l a t e ,  see 
F i g .  4 .  These a r e  r e a d  i n  s u b r o u t i n e  ENRIL and t h e  co r re spond ing  c o n s i s t e n t  
noda l  r i n g  f o r c e s  a r e  c a l c u l a t e d ,  I n  c a s e  t r i b u t a r y  a r e a  l o a d  d i s t r i b u t i o n  
i s  t o  be used  s u b r o u t i n e  ENRIL i s  removed and a p p r o p r i a t e  r e a d  s t a t e m e n t  i s  
i n s e r t e d  i n  i t s  p l a c e  i n  r o u t i n e  EPACP, 
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FIG. 4 
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V ILLUSTRATIVE EXAMPLE 

The f o l l o w i n g  example s e r v e s  t o  i l l u s t r a t e  t h e  o r d e r  of  d a t a  p r e s e n t a t i o n  

and a l s o  t h a t  of o u t p u t  arrangement of t h e  computer program f o r  h a r d e n i n g  

m a t e r i a l s .  E s s e n t i a l l y  t h e  same o r d e r  of o u t p u t  arrangement  i s  a l s o  used f o r  

t h e  e l a s t i c - p e r f e c t l y  p l a s t i c  program, 

A 0.75 x 16 i n .  s imp ly  suppor t ed  p l a t e  i s  s u b j e c t e d  t o  a un i fo rmly  

d i s t r i b u t e d  l o a d ,  see F i g .  5. The t a n g e n t  modu lus - s t r e s s  diagram of t h e  

p l a t e  m a t e r i a l  i s  shown i n  F ig .  6 .  This c o r r e s p o n d s  t o  t h e  u n i a x i a l  s t ress-  

s t r a i n  diagram i n  F i g .  7 .  The P o i s s o n ' s  r a t i o  i s  assumed t o  be 0 .33 .  The 

p l a t e  i s  d i v i d e d  i n t o  16 elements  which a r e  f u r t h e r  s u b d i v i d e d  i n t o  40 l a y e r s  

a l o n g  t h e  p l a t e  t h i c k n e s s .  The f i r s t  l o a d  inc remen t  i s  chosen t o  be  120 p s i  

t o  c a u s e  i n e l a s t i c i t y  j u s t  t o  s t a r t  i n  t h e  c e n t r a l  e lement .  

No t i ce  t h a t  o n l y  p a r t  o f  t he  computer r e s u l t s  f o r  t h i s  example a r e  p r e -  

s e n t e d  i n  t h e  f o l l o w i n g  pages.  



12 

16 in. 
> 

I 

FIG. 5 

E t  

10.6 x IOc 

4 x I O 6  

FIG. 6 
TANGENT MODULUS - STRESS Dl AG RAM 

psi I 6 x  IO3 

I 

t z 
FIG. 7 

UNIAXIAL STRESS - STRAIN DIAGRAM 



13 



14 

m m  
G O  44 

00 . of: 
n o  
0 3  
o c  
0 0 
i ) G  
0 0  
N h  

0 0  
0 0  
00 
0 0  c c  
3 0  
* a 2  

G C  
. .  
d +  

0 0  

0 0  
0 0  
0 3  
L713 
c 0  
C C  
0 0  
NrU 

m . .  
G O  

43 
00 

0 0  
n o  
0 0  
c; 0 
00 
c 0  
m r c  . .  

r- - G C  
to c o  
c) 0 
c 9  
0 3  
c 3  
N N  

I 
V z 0 

3 
0 
0 
0 
9 

7 c 
I- 
V 
I' 

a-1 
C L L  
I W  
W O  
I 
W 
V 

-1 

cn 

I 

a 
n 

3 

0 0  0 
0 

0 
0 
0 
0 
0 
C 
3 
0 
J 

0 

VI 
0 

0 
c. A d  

c c  \t 

0 

33 . .  
0 0  

r7.n 
0 0  

n 
0 
0 

0 0  
0 c, 
00 
0 0  
.2 0 
,n ,n 
N \ C  

0 0  
. .  

d d  

0 0  

I1  

W -I 

ti. 
0 

-1 
m 
a 

r- 
0 

v) 
u 
3 
-1 
C 
> 

c o  
e 0  
0 0  
0 3  
O ?  
Q 3  
3 0  
N N  

c - 
7 

I 
D 
-1 

3 

- -1 
< 

3 5  
0 0  
00 
n o  
0 ,3 
0 0  
N Q  

0 0  
. .  

c 
0 
0 
0 
0 
0 
0 
9 

4- . .  
0 0  

m m m  
0 0 0  

v7 O C G  
W G O 3  

0 0 0  
0 0 0  
0 0 3  
0 3 0  
"N 
A d d  . . .  
O O Q  

m m m  
000 

J 
-I 
v) 

9 
3 

II 

vl 
I- 

$ 
I 
W 
-1 
W 

. -1 
4 
I 

W 
I- 
C 
I 

z 
a ri 

U 
7 

W 
0 

n 

I- 

v) 
VI 
W 
Y 
i- 

4 

0 

3 

44 
0 0  

W 
Y 
a 

0 0 0 0 0  
0 0 0 0 0  d 

IL1 z 
a 

.^  

0 0 0  
00 
30 
00 

0 00 
0 m m '  

4 ,n 
0 . .  
0 00 
0 

v) -1 
a n 
0 z 

I I- 
7 
W 

0 
0 
0 
0 
0 
0 
3 
4 

io 
0 

0 U 
3 0 

0 
0 
0 
0 
0 
a 
0 

c 
a 
n 
a 
0 

d 
Lu 
m 

co 
0 0 

Ts) 
-1 

a 
n a o  
000 
000 
1 3  n 3 
o n 0  
000 
000 
"N 
- 4 - 4  

r 
- 3  

2 

0 -4 
3 30 m 
P- 0 3  . 0 0  
0 0 0  

30 
11 m o o  

0 3 0  
1u z 'n 
C - . .  
a w o o  
-1 
P A 0 4  

a 0 0  
u o  
5 000 

700 
m 00 
Lo u o o  
w 000 
2 o m  
Y - V I *  u I.. 

CI 000 

C d  
s a  

4 
0 
'2 
0 
0 
9 
0 
4 

W 
I 
c 

9 

co 
m 0 

dl N N N N U  6 0 0 0 0  0 * 
11 

m 

v) 
I- 
z 
3 
I 

n 

c 
3 
m 
3 0 

d . . .  
0 3 0  

000 
m m m  I c 

I1 

p. 
W 
I- 
Lo 

0 
z I 
n a 
0 
-1 

a 
a 
I- 

0 

U 
0 

0 0 0  
000 
000 
000 
0 3 0  
000 
000 
N" 
d d d  

v) 
3 
J 
3 

0 
I: 
n 

. . . , .  
0 0 3 0 0  U 

0 0 

I1 

m 
v) 
W 
d 
c 

W 

3 
c 
n U 

0 er 
W 

I: 
3 z 

m 
0 
0 
r 

z a 
I 

z 
W 

I 
a 

. . .  
000 

m c 

c 



15 
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6 
7 
R 
9 
10 
1 1  
12 
13 
14 
15 
16 

E L E M E N 1  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

0.6000000 02 
0.6000000 02 
0.6000000 02 
0.6000000 02 

0.6000000 02 
0.600000D 02 
0.6000000 02 

0.6000000 02 
0.2956250 02 

0.600000D 02 

0.6000000 02 

MOMENT 1 

0.1592650 04 
0.1573700 04 
0.154240D 04 
0.1498650 04 
0.1442440 04 
0.1373740 04 
0.1292560 04 
0.1198890 04 

0.9741060 03 
0.8429830 03 
0.6993730 '33 
0.5432760 03 
0.3746920 03 
0.1936210 03 

0.109274D 04 

0.166711D 30 
0.1428850 00 
0.1250190 00 
O.llll24D 00 
0.100310D 00 
0 . 9 0 Y  1630-01 
9.8333890-01 
0.7692 743-01 
0.7143200-01 
0.6666950-01 

-0.2468590 01 

MOMENT 2 

-0.159344D 04 
-3.1573230 04 
-0.1542070 04 
-0.1498400 '34 
-0.1442240 04 
-0.137357D 04 
-0.1292420 04 
-0.1199770 04 
-0.1092630 04 
-0.9740060 33 
-0.8420920 03 
-0.6'392890 03 
-0.5431990 03 
-3.37462OD 03 
-0.193554D 03 
0.3637980-1 1 

THE FULLOWINS AKE 

NODAL R I N G  A P P i i i G  LOAD 
V E R T I C A L  MOMEYT 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
1 2  
13 
14 
15 

0.6700960 
0.5999680 
0.5999920 
0.5999980 
0.5999990 
0.6000000 
0.60000OO 
0.6000000 
0.6000300 
0.6000000 
0.6000000 
0.6OOOOOD 
0.6000000 
0.600000D 
0.6000000 

02 
02 
02 
02 
02 
02 
0 2  
02 
02 
32 
02 
02 
02 
02 
02 

-0.7873830 00 
0.501296D 00 
0.3336960 00 
0.2501510 00 
0.2000770 OD 
0.166711D 00 
0.1428850 00 
0.1250190 00 
0.1111240 00 
0.100010D 0 0  
0.909 1630-01 
OaR33389D-01 
0.7 6 92 7 4D-0 1 
0.7143200-01 
0.6666950-01 

-0.8123770-02 
-0. Y 2 7 3 7 3 D- 0 2 
-0.1032950-01 
-0.1127770-01 
-0.1210490-01 
-0.127975D-01 
-0.1334220-01 
-0.1372550-01 
-'!.1393390-01 
-0.1395400-01 
-0.1377240-01 

SHEAR 1 

0.6700960 02 
0.9350168 02 
0.1223340 03 
0.1517501) 03 
0.1814000 03 
0.2111670 03 
0.241000D 03 
0.2708750 03 

0.3307000 03 
0.3606360 03 
0.3335830 03 
0.4205380 03 
0,450500D 03 
0.4804670 03 

0.30377ao 03 

rOTAL VALUES 

C.60905 30-01 
0.5 6 3 5 2 2 D-O 1 
0.51647LLl-01 
0.4624040-0 1 
0.403896D-01 
0 -34158 20-01 
0.27616AO-01 
0.2084281~-01 
0.1332G4U-01 
0 .6 ' I 4  0 2 Y D -U I 
0.0 0000 '3 1)- 3 A 

SHEAd 2 

- 0.0 000 0 01)- 3 8 

-0.6233440 02 
-0.9175040 02 
-0.1214000 03 
-0.1511610 03 
-0.1810000 03 
-0.210A750 03 
-0.2437781) 03 
-0.7797001) 03 
-0.3006360 03 
-0.3305830 03 
-0.360535U 03 
-0.3905000 03 
-0.470467D 03 
-0.4>0438D 03 

-0.33~480 0 2  

D! SPLACEMEVTS 
SLOPE DEFLECTION 

-0.143242D-02 0.730'2570-0 
-0.2851400-02 0.7202390-0 
-0.4243470-02 0.702488~1-0 
-0.5595 19D-02 
-0.689311D-02 
-0.812377D-02 
-0.9273730-02 
-0.103295D-01 
-0.1127770-01 
-0.1210490-01 
-0.1279750-01 
-0.1334270-01 
-0.1372550-01 
-0.1393390-@1 
-0.1395400-01 

0.6778720-01 
0.646626D-01 

0.5655220-01 
0.5 1 6 4 7 7 0- 0 1 
0.4624060-01 
0.403996D-01 
0.3 4 1 5 8 21)-0 1 
0.2 761680-0 1 

0.1392G4U-0 1 
0 .6 940 2 '9 U - 0 2 

0.609n53~-0i 

0.2 o 643 ai)- o 1 

16 0.2956250 02 -0.2468590 01 -0.1377240-01 0 .OCDOOOD-38  

. 
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V I .  CONSIDERATION OF VARIATION OF MATERIAL PROPERTY FUNCTION 
W I T H I N  AN INCREMENT OF APPLIED LOAD 

Cons ider ing  t h e  p l a t e  l oad  and t h e  s t a t e  of  s t ress  a s  t h e  independent  and 

dependent  v a r i a b l e s  r e s p e c t i v e l y ,  w e  can  w r i t e  

where F ( 7 )  r e p r e s e n t s  a f u n c t i o n  t h a t  t r a n s f o r m s  t h e  e x t e r n a l  l o a d s  i n t o  

i n t e r n a l  stresses and i s  expres sed  a s  a f u n c t i o n  of  t h e  s t a t e  o f  s t r e s s .  

Equa t ion  (1) i s  s o l v e d  numer i ca l ly  by r e p l a c i n g  dp and d 7  by f i n i t e  i n c r e -  

ments L!p and AT 

To s o l v e  Equat ion  (2) w i th  r e a s o n a b l e  a c c u r a c y ,  E u l e r ' s  mod i f i ed  method 

3 [ 3 ]  i s  used  where t h e  o r d e r  of e r r o r  i s  O(Ap) To app ly  t h i s  p rocedure ,  

f i r s t  a temporary s t e p  of  l oad ing  i s  made f o r  which t h e  known i n i t i a l  

e l a s t i c - p l a s t i c  modulus m a t r i x  i s  used  t o  c a l c u l a t e  t h e  e l emen t s  of a new 

modulus m a t r i x .  The ave rage  of t h e s e  i s  t h e n  used  wi th  t h e  l o a d  increment  

t o  f i n d  t h e  increments  of d i sp l acemen t s ,  s t r a i n s ,  s t resses  and t h e  e l emen t s  

of  t h e  i n i t i a l  modulus m a t r i x  f o r  t h e  n e x t  increment  of l o a d .  

F i g u r e  (8) i s  t h e  f low diagram of  t h e  s u b s t e p s  t aken  i n  t h e  computer 

program t o  comple te  t h e  (k+l) t h  s t e p  of  c a l c u l a t i o n  r e p r e s e n t e d  by Equa t ion  

(2) f o r  ha rden ing  m a t e r i a l .  The p rocedure  i s  b a s i c a l l y  t h e  same f o r  e l a s t i c -  

p e r f e c t l y  p l a s t i c  m a t e r i a l ,  

Whenever un load ing  from a p l a s t i c  s t a t e  t a k e s  p l a c e  i n  a l a y e r ,  e l a s t i c  

p r o p e r t i e s  a r e  used.  



( I nitiol properties, known ) [E] - 
I 

TEMPORARY 
STEP OF 

LOAD1 NG 

. 

ACTUAL 
STEP OF 
LOADING 

a 

FIG. 8 
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VI%, REMARKS 

Each s e t  of  t h e  two programs i n  t h e  p r e s e n t  form exceeds  s l i g h t l y  t h e  

c o r e  s t o r a g e  of  IBM 709L d i g i t a l  computer .  The re fo re  an  o v e r l a y  l i n k  s t r u c -  

t u r e  i s  used.  For  d e t a i l s  concern ing  t h e  method of a p p l i c a t i o n  of  o v e r l a y  

s t r u c t u r e s  t h e  r e a d e r  may c o n s u l t  Ref.  [ 4 ] .  

The e x e c u t i o n  t i m e  of t h e  programs depends mos t ly  on t h e  number of 

e l emen t s  i n  t h e  p l a t e  and  t h e  number of l oad  inc remen t s .  The number of  

l a y e r s  i n  t h e  e lements  does not  a f f e c t  t h e  t i m e  consumption a p p r e c i a b l y .  

The double  p r e c i s i o n  program f o r  h a r d e n i n g  m a t e r i a l  u ses  about  12 seconds  

f o r  each  l o a d  increment  f o r  a p l a t e  w i t h  16 e l emen t s  and 40 l a y e r s .  The 

t i m e  used  i n  t h e  s i n g l e  p r e c i s i o n  program f o r  e l a s t i c - p e r f e c t l y  p l a s t i c  

m a t e r i a l  f o r  t h e  same number of e l emen t s  and l a y e r s  i s  7 seconds .  These 

e s t i m a t e s  a r e  f o r  IBM 7094 d i g i t a l  computer.  

To a c h i e v e  a deeper  i n s i g h t  o f  t h e  man ipu la t ions  i n  t h s  coiiipiitcr p r e -  

grams t h e  r e a d e r  may c o n s u l t  Chapter  T I  of Re f ,  i l l e  

. 
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V I I I .  GLOSSARY OF FORTRAN VARIABLE NAMES . 

. 

A comple te  l i s t  of t h e  v a r i a b l e s  appea r ing  i n  t h e  computer programs i s  

p r e s e n t e d  below. The v a r i a b l e s  whose d e f i n i t , i o n  i s  e v i d e n t  from t h e  programs 

themselves  a r e  l e f t  o u t .  The v a r i a b l e s  w i t h  a p a r e n t h e s i s  f o l l o w i n g  them 

a r e  v e c t o r  q u a n t i t i e s .  The commas i n  the p a r e n t h e s i s  i n d i c a t e  two and t h r e e  

d imens iona l  a r r a y s .  

A ( , )  - - Genera l i zed  c o o r d i n a t e s  1x4 

B K ( , )  - - S t i f f n e s s  m a t r i x  of  t h e  p l a t e  NE2xNE2 

BS(,) - - Force  t r a n s f o r m a t i o n  m a t r i x  4x4 

BV( ,) - - Displacement  t r a n s f o r m a t i o n  m a t r i x  4x4 

BV1( Y )  - - Temporary m a t r i x  used  f o r  BV 4x4 

Increments  of  e lement  c u r v a t u r e  2xNE - C( ,) - 

F l e x u r a l  r i g i d i t y  m a t r i x  of e lements  

Ra t i o  

2x2xNE - D ( ,  * )  - 

D N  ) - D( 2 , 2 , I) / D ( 1 ,1, I) 3 ’’ NE - 

E - - Modulus o f  e l a s t i c i t y  

ED( ) - - Tangent modulus i n  t h e  d a t a  f o r  u n i a x i a l  s t ress  s t r a i n  
curve .  Dimension i s  o p t i o n a l .  

F(  ,> - - Y i e l d  f u n c t i o n  of l a y e r s  NLxNE 

FI - - A r a t i o ,  which i f  u n i t y ,  i n d i c a t e s  t h e  l a y e r  i s  e l a s t i c .  
Also  y i e l d  f u n c t i o n .  

H( 1 - - Thickness of  e l emen t s  NE 

I,II,J,JJ,K,L = I n d i c e s  

IEXTRA - - An i n t e g e r  v a r i a b l e  which when becomes o t h e r  t h a n  u n i t y  
w i l l  cause t h e  computer t o  s t o p  e x e c u t i n g  and w i l l  i n d i -  
c a t e  t h a t  l o a d i n g  has  caused  t h e  e f f e c t i v e  s t resses  t o  
i n c r e a s e  beyond t h e  a v a i l a b l e  d a t a  i n  t h e  i n p u t  u n i a x i a l  
s t r e s s - t a n g e n t  modulus c m v e .  
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c 

I n t e g e r  v a r i a b l e  

i n t e g e r  v a r i a b l e  i n d i c a t i n g  t h e  maximum dimension of  
[BK] a f t e r  i t  i s  mod i f i ed  f o r  boundary c o n d i t i o n s .  

An i n t e g e r  i n d i c a t i n g  t h e  t y p e  of boundary c o n d i t i o n s  
s p e c i f i e d  i n  i n p u t  d a t a .  For  s imply  suppor t ed  p l a t e  
NBC = 0 ,  f o r  clamped p l a t e  NBC # o 

Number of d a t a  p o i n t s  i n  t a n g e n t  modu lus - s t r e s s  diagram 

Number of e lements  

I n t e g e r  v a r i a b l e  

Number of l a y e r s  i n  a n  e lement  

Number of l o a d  increments  i n  one l o a d  sys tem 

Number of l o a d  sys tems 

Appl ied  load  ( ampl i tude  of  e x t e r n a l  l o a d  d i s t r i b u t i o n  
a t  nodal  r i n g s ) ;  a l s o  a temporary v e c t o r  f o r  P I  and 
V I  NE2 

Equ iva len t  nodal  r i n g  l o a d  e i t h e r  t r i b u t a r y  o r  con- 
s i s t e n t  NE2 

T o t a l  e q u i v a l e n t  nodal  r i n g  f o r c e  v e c t o r  NE2 

T o t a l  i n t e r n a l  s t r e s s  r e s u l t a n t  p e r  u n i t  l e n g t h  a t  
nodal  r i n g s .  This  i n c l u d e s  s h e a r  f o r c e s  and r a d i a l  
moments only.  4xNE 

Increment of i n t e r n a l  s t ress  r e s u l t a n t  p e r  u n i t  l e n g t h  
a t  nodal  r i n g s  4xNE 

Increment  of nodal  r i n g  t a n g e n t i a l  moment p e r  u n i t  
l e n g t h  NE 

T o t a l  nodal  r i n g  t a n g e n t i a l  moment p e r  u n i t  l e n g t h  NE 

R a d i i  of e lements  NE 

Average r a d i u s  of a r i n g  e lement  

Elements o f  e l a s t i c  p l a s t i c  compliance m a t r i x  2xNLxNE 

T o t a l  e f f e c t i v e  s t r a i n  
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S t r e s s e s  i n  i n p u t  t a n g e n t  modulus - s t ress  diagram 

E l a s t i c  s t r a i n  incre.ment 2 

S t i f f n e s s  m a t r i c e s  of  e l emen t s  4x4xNE 

P l a s t i c  s t r a i n  increment  2xNLxNE 

Increment  of  e f f e c t i v e  p l a s t i c  s t r a i n  NLxNE 

S t r a i n  increments  of t h e  l a y e r s  of e l emen t s  2xNLxNE 

T o t a l  s t resses  i n  l a y e r s  of e lements  2xNLxNE 

E f f e c t i v e  s t r e s s e s  r a i s e d  t o  second power NLxNE 

T o t a l  c u r v a t u r e s  a t  noda l  r i n g s  2xNE 

Stress increments  of t h e  l a y e r s  of  e l emen t s  2xNLxNE 

P o i s s o n ' s  r a t i o  

T o t a l  d i sp lacements  a t  nodal  r i n g s  4xNE 

Incrementa l  d i sp lacement , s  a t  nodal  r i n g s  4xNE 

A v a r i a b l e  used  i n  t h e  f l e x u r a l  r i g i d i t y  m a t r i c e s  of 
elements. 
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C O N C I S E  FLOW C H A R T S  OF C O M P U T E R  PROGRAMS 

SET UP FLEXURAL RIGIDITY OF EACH ELEMENT 

[D-~I oc= i , 2  ; DEFINE DR = ( ~ 1 %  

ELASTIC- PLASTIC ANALYSIS OF A CIRCULAR PLATE WITH AXIS-SYMMETRIC WADING 

(EPACP 1 

I 
SET UP STIFFNESS MATRIX OF 

CENTRAL ELEMENT, [SKI 

YES - 

SET UP STIFFNESS MATRIX OF 
RING ELEMENT, [ S K I  WHEN 

SET UP STIFFNESS MATRIX OF 
RING ELEMENT, [SKI  WHEN 

DR: I 

11s t 
I 

SET UP STIFFNESS MATRIX 
OF PLATE &1 

EQUIVALENT NODAL RING ** LOAD SUBROUTING 

140 

165 

180 

NO 
LOAD TEMPORARY ? 

CALCULATE : 
I-TOTAL NODAL DISPL., {V) 
2-TOTAL STRESS RESULT. I AT NODAL RINGS, (0 )  

I 
PRINT: NODAL DISPL., {V} 

STRESS RESULT. ,{O] 

I 

CALL MATFUN e 
1 I 

END 

* THE NUMBERS REFERTO FORTRAN NUMBERS 
STATEMENTS IN THE PROGRAM. 

i W  IN  EPPACP.THE LOAD [YSTRIBUTION ON NODAL 
RINGS IS TRIBUTARY HENCE ENRlL I S  
NOT USED 

XXX IN EPPACAP THERE ARE TWO SUBROUTINES 
FOR CONSTRUCTION OF MATERIAL PROPERTY 
FUNCTIONS. A M A F U N  AND I M A F U N .  
WHENEVER THE INCREMENT OF EXTERNAL 
LOADING IS TEMPORARY A M A F U N  I S  USED 
AND IF  NOT IMAFUN.  
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SUBROUTINE FOR THE FORMATION OF MATERIAL PROPERTY FUNCTIONS 

( FOR HARDENING MATERIALS 

n SUBROUTINE 
MATFUN u 

CALCULATE THE DISTRIBUTION OF CHANGE 
OF CURVATURE OF THE PLATE 

I 

EVALUATE THE TANGENTIAL MOMENT 
AT EACH NODAL RING 

I CALCULATE THE STRESS INCREMENT 
OF THE LAYERS IN EACH ELEMENT I 

+ G L i - ~  OF EXTERNAL LOAD 

~ 

CALCULATE THE INITIAL MATERIAL 
PROPERTIES FOR THE NEXT STEP 

OF EXTERNAL LOAD 

CALCULATE THE AVERAGE VALUE 
OF MATERIAL PROPERTIES I N  
THIS STEP OF EXTERNAL LOAD I c II I 

CALCULATE THE VALUE 
OF EOUIVALENT STRAIN 

163 t 
CALCULATE THE TOTAL CURVATURES 

t 
I .  TANGENTIAL MOMENTS 
2. CURVATURES 
3. RADIAL AND TANGENTIALS 

STRESSES OF EACH LAYER 
4. EFFECTIVE STRESS I N  EACH LAYER 
5. EFFECTIVE STRAIN 
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(0 . If PREVIOUS YIELD FUNCTION 

80 1 

SUBROUTINE FOR THE CALCULATION OF AVERAGE MATERIAL PROPERTY FUNCTIONS 
I FOR ELASTIC- PERFECTLY PLASTIC MATERIAL) 

SUBROUTINE 
AMAFUN 

25 Q 

CALCULATE ELASTIC MATERIAL 
PROPERTY CONSTANTS TO BE 
USE0 FOR THIS INCREMENT 

CALCULATE THE I PLATE 
INCREMENTAL CURVATURE OF THE 

CALCULATE THE PLASTIC 
MATERIAL PROPERTY FUNCTIONS - 

CALCULATE THE TEMPORADY INCREMENTAL 
STRESS, TOTAL STRESS, AND YIELD FUNCTION 

FOR EACH LAYER USING HOOK'S LAW 

I 

CALCULATE THE AVERAGE OF PRESENT AND 
PREVIOUS MATERIAL PROPERTY FUNCTIONS 

OF THE LAYER TO BE USED FOR 
THIS INCREMENT OF LOAD 

75 

LOADING PLASTICALLY 

85 

PREVIOUS YIELD FUNCTI 

TO LOCATE INTERSECTION OF 
STRESS PATH AND YIELD SURFACE 

IFFERENCE BETWEEN TEMPORARY AN 
PREVIOUS TOTAL RADIAL STRESS 

I >o 
- 

CALCULATE PLASTIC MATERIAL PROPERTY 
TO LOCATE THE FINAL POSITION ON 
THE YIELD SURFACE 

FUNCTIONS TO BE USED FOR THIS INCREMENT 

I OF LOAD 

c 



SUBROUTINE FOR THE CALCULATION OF I N I T I A L  MATERIAL PROPERTY FUNCTIONS 
OF THE NEXT INCREMENT OF LOAD (FOR ELASTIC PERFECTLY PLASTIC MATERIAL1 

n SUBROUTINE 

75 1 

. 

LOADING PLASTICALLY 

If PREVIOUS YIELD FUNCTION 

PERFORM RADIAL APPROXIMATION 
TO LOCATE INTERSECTION OF 

I M A F U N  v 
CALCULATE THE DISTRIBUTION OF 

INCREMENTAL AND TOTAL 
CURVATURE OF THE PLATE 

CALCULATE THE TEMPORARY INCREMENTAL 
STRESS, TOTAL STRESS, AN0 YIELD FUNCTION 

FOR EACH LAYER USING HOOK'S LAW 

t <O 
TEMPORARY Y I E L D  FUNCTION 

70 t 
START OF PLASTIC FLOW; 

OR NEUTRAL LOADING 

= O  

t 

I ACTUAL TOTAL STRESS =TEMPORARY 
TOTAL STRESS; FIELD FUNCTION = 0 1 

I CALCULATE PLASTIC MATERIAL PROPERTY I 

- 
65 I 
ELASTIC LOADING; OR UNLOADING 

FROM PLASTIC STATE 
c 

t 
ACTUAL TOTAL STRESS = 
TEMPORARY STRESS; 
YIELD FUNCTION :TEMPORARY 
YIELD FUNCTION 

1 
I I t STRESS PATH AND YIELD SURFACE FUNCTIONS FOR NEXT INCREMENT OF 

I CALCULATE ELASTIC MATERIAL 
PROPERTY CONSTANTS FOR 
NEXT INCREMENT OF 
EXTERNAL LOAD. t 

t 

110 

PERFORM TANGENTIAL APPROXIMATION 
TO LOCATE THE FINAL POSITION ON 
THE YIELD SURFACE 

CALCULATE INCREMENT OF STRESS , 
TOTAL STRESS A N 0  PLASTIC MATERIAL 
PROPERTY FUNCTIONS. 

SET YIELD FUNCTION = 0 

I 

AND RADIAL M O M E N T S  

- 
P R I N T  

I. RADIAL A N 0  TANGENTIAL MOMENTS 
2. CURVATURES 
3. RADIAL AND TANGENTIAL STRESSES, 

AND YIELD FUNCTION FOR 
EACH LAYER 

RETURN 
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L I S T I N G  OF COMPUTER PROGRAMS 

C fLASTIC PERFECTLY PLASTIC ANALYSIS OF CIRCULAR PLAJES WITH 
t AXI-SYMMETRIC LOA0 
c 
c 

DIMENSION S 1 ~ 2 ~ 3 0 r 3 0 ~ r S 2 ~ 2 ~ 3 8 r 3 O ~ ~ D ~ 2 ~ 2 ~ 3 O ~ t ~ V ~ 4 t 4 t 3 O ~ ~ D ~ ~ ~ O ~ t  
1 S K ~ 4 ~ 4 ~ 3 0 ~ ~ 0 K ~ 6 0 ~ 6 0 ~ ~ P ~ ~ O ~ ~ ~ ~ t ~ O ~ ~ P T ~ 6 O ~ ~ V I ~ 4 ~ 3 O ~ ~ V ~ 4 ~ 3 O ~ ~  
2QI(4~30)rQ14,30)1R13O)t F1309301 rTi2*30,30) ,H(30)rRA(30)r 
3 T C R t Z t 3 0 )  

c READ DATA 
E 

READ 1,NP 
DO 215 N=lyNP 
REAR 2 
REAR 3 9  NliN€rNLL,NBC 
READ 4~(H(I)rI=itNf) 
READ 5,(R(I)wI=lrNE) 
R E A D  6 ,  UrESTY 

1 FORHAT (12) 
2 FORMAT(f2H 

3 FORMAT (414) 

5 FORMAT {8F9,5) 

1 

4 F O R M A T  (8F9-5) 

6 FORMAT iF9o5r2E12.61 
t 
c PRINT DATA 
c 

PRINT 15 
PRINT 2 
PRINT 16,NtNt~NEtNLl 
PRINT L7v(H(I)tI=lrNE) 

PRINT 19, IR(IlrI=ltNE) 
PRINT 18 

15 FORMAT(lH11 
16 FORMAT1////2X,22HLOAD SET NUMBER I4//(2Xt18HNUMBER OF LAYERS 

1 =I4p2Xv20HNUMEER OF EtEMENTS =14,2X,30HNUM3ER OF LOADING INCREMEN 
2TS =14)1//) 

17 FORMAT((2Xv21HTHICKNfSS OF ELEMENTS/(4X,lOF9o5)///1 
18 FORMAT (2X,ZOHRADII OF NODAL RINGS) 
19 FORMAT (4X112F9.5) 

PRINT 20vE1UtTY 
20 FORMAT(///2X,20HMODe OF ELASTICITY =E15.8tSXq15HPOfSSON RATIO =E12 

1o5,5X,14HYIEtD STRESS = E15.8/////) 
N t  = Nt/2 
DO 30 X=l,NE 
DO 30 J=lrNL 
Sl(l,Jti)=El(1~O-U+~2) 
S1(2rJtI)=U*SL(lrJtl) 
SZ(lrJ,If= SL(2,J,II 

c 
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hr 
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- il, 

P R I X T  2 5 4 ,  ( I r C ( Z 9 1 ) 3 Q ( 4 1 I ) o Q ( L 9 1 ) 9 ~ ( 3 p l )  p I = 2 9 N E l  
CALL IPAFUN ( S L ~ S ~ , B V V C R ~ V I V K A I  F 9 T 9 N E 9 N L 9 H ~ T Y ~ t 9 U p T C R t  
GC! T C  215 

210 C h L L  AMAFUN ( S ~ , S ~ ~ ~ V ~ D R I V I ~ R A ~ F ~ T ~ N E ~ " ~ T Y P E ~ U )  
2 1 5  CONTINUE 

C 
250 FCRPAT ( / / / 2 X s 1 5 H  CCADING STEP = 14//% 
2 5 1  FORFAT ( / / 2 5 X p 3 6 H f H E  F O L L O ' r l l N G  ARE INCREMENTAL V A L U E S / / )  
252 FORMAT ( lOHhiODA1 KfNGvlOXp 12HAPPLIED L O A D o l 9 X , 1 3 H D I S P L A C E ~ € ~ ~ S ~  
2 5 3  FORMAT ( 1 4 x 0  8 H V E R T I C A L P B X 9 6 H M O M E ~ T ~ ~ Z X ~ ~ H ~ ~ U ~ E , ~ X ~  10HDEFLEGTICh 

1/11 
254 FORMAT 1 3 X , I 4 , 2 X ~ 0 1 5 ~ 6 ~ 2 X o 0 ~ 5 ~ 6 ~ 2 X 9 0 1 5 ~ 6 9 2 X ~ 0 ~ 5 ~ 6 ~  
256  FORMAT(//2X,?HELEMENTp 4Xv8HMOMENT l p  8XV8HWOMENT 291OXp7HSkEAR l p  

257 FORMAT ~ 3 X , I 4 ~ 1 9 X v D l 5 ~ 6 ~ 1 9 X ~ D l 5 ~ 6 ~  
2 5 8  FORMAT (//25X,30HTHf FOLLOWING A R E  TOTAL V A L U E S / / )  
220 STOP 

1 9Xv7FSHEAR 2 / / )  

END 
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C 
c 
c 

6 5  

c 
c 
c 

70 
72 
74 

c 
C 
f 

75 
a0 

85 
90 

100 

* 
! 

# 

6 

105 

110 

115 

EfTHER LOAOING ELASTICALLY OK UNLOADING PLASTICALLY 

EITHER STARTING OF PLASTIC FLOW OR NEUTRAL LOADiNG 

LOADIhG PLASTICALLY 
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e . 

c 
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# 
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R E T U R N  
fND 
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1, 
I 4  

Ik 

t 
c 
C 
f 

C 
c 
c 

c 
c 
c 

43 

ELASTIC PLASTIC ANALYSIS OF A CIRCULAR PLATE WITH AXI-SYNNETRIC 
LOAD 

READ DATA 

READ 19NP 
DO 215 N=1vNP 

READ 3, NLoNEpMtLpNBC 
READ 4 9 H  
READ 5rlR(I)pI=l9NE) 
REAO 6 9E.U 
READ 7 ~ N D ~ I S D I I ) ~ I = l ~ N O l  
READ 89 fED(I)pI=fpND) 

READ 2 

1 FORMAT (121 
2 FORMAf(72H 

3 FORMAT 14I41 

5 FORMAT 16D12,6) 

1 1 

4 FORMAT ID12e61 

6 F O R M A T (  Dl206pD803) 
7 FORMAT II4/(6012n3)) 
8 FORMAT (6D12-3) 

PRINT DATA 

PRINT 15 
PRINT 2 
PRINT 
PRINT 17sH 

PRINT 191 (R(I)oI=lpNE) 
PRfNT 209E9U 
PRINT 211ND9ISD(I),I=l,ND) 
PRINT 229{ED(I)t I=l,ND) 

16, N9 N l  ,NE 9NLl 

PRINT 18 

15 FORMAT 1H1) 
16 FORMAT(//1/2X,22HLOAD SET NUMBER I41/{2XolSHNUMBER OF LAYERS 

1 =I492X,20HNUHBER OF ELEMENTS =1492X,30HMUMBER OF LOADING INCREWEN 
2TS =14)///) 

17. FORMAT (2Xp20HTHICKNESS OF PLATE =013o6/11 
18 FORMAT (2Xp20HRADII OF NODAL RINGS) 
19 FORMAT 13Xo8Df3e6) 
20 FORMATl///2X,20HMODo OF ELASTICITY =515-8,5X~15HPOISSON RATIO =D12 

1.5//) 
2 1  FORMAT(l//2X163HNUMBER OF DATA POINTS IN EQUIVALENT-STRESS TAN- HO 
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I 

i 

c 
c 
C 

120 

125 
130 

c 
c 
c 

135 
140 

145 

150 
c 
C 
c 

155 

160 

155 

170 

175 

180 
185 

190 

195 

REAC T f i E  INCREMENTAL LGAC 

P R I N T  2509 L 
CALL E ~ R I L I N E p N E 2 g C R o R g E V ~ P I 9 P ~  
DO 120 I=LpNE2 
P ( I )  = PIfI) 
I f  ILD-11 135p225vl35 
DO 130 X=lphEZ 
PTEII = PTEIE +PI(II 

MODIFY 3 K  AND P FOR BOUNDARY CONDITIONS 

IF INBC) 140~1409150 
N 1=NE2- 1 
00 145 K=f94 
NK=NE2-K+1 
BKENloNKl BK(NE2vhKE 
BK(NKgN11 = BKINKpNk2E 
PIN11 = O,O 
GO TO 155 
N l=NE2-2 

FIND NOCAL DISPLACEMEYTS AND S T R E S S  RESULTANTS 
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1 

QI6J9I) = C - 0  
DO 200 K=lt4 

200  Q I ( J , I )  = Q I I J o f ) + S K ( J o K v I ~ + V I ( K , I )  
205 Q(JpI1 = Q(J$II+PI(JoI) 

PRINT 251 
PRINT 252 
PRINT 253 
I=1 
PRINT 2 5 4 p I o P I ( 1 9 o P I C 2 ~ o Y I ~ 2 ~ 1 ~ ~ V I ~ l ~ l ~  
00 255 I=2rNf 
12 = 211-1 
PRINT 2540 I o P I I 1 2 B p P I l f 2 + 1 ) o V I ( 4 ~ 1 ~ 9 V I ( 3 0 I )  

255 CONTINUE 
PRINT 256 
1=1 
PRINT 2579 IvCI~29II9QI(lpI) 
PRINT 254, [ I ~ C I ( ~ ~ I ) ~ C ~ ( ~ ~ I ~ V Q I ~ ~ ~ I ~ ~ ~ I ( ~ ~ I )  pI=29NE) 
PRINT 258 
PRINT 252 
PRIhT 2 5 3  
I = 1  
PRINT 254, I~PT(l)sPTE2)vV(2vl)oV(lvl) 
00 259  I=ZrNE 
I2=2* 1-1 
PRINT 2549 I p P T ( I 2 ) r P T ~ I Z + l ) p V k ~ ~ 1 ~ ~ ~ { 3 ~ I )  

259 CONTINUE 

c 

PRIQT 256 
I = 1  

PRINT 257rIvQ(2,11pC(loI) 
PRINT 2549 ~ I ~ Q ( Z ~ I ) ~ ~ ~ ~ ~ I ~ ~ Q ( ~ ~ I ~ ~ Q ( ~ V I ~  91=23NEI 

210 CALL MATFUN ~ S ~ ~ S ~ ~ B V ~ C R ~ V I ~ R ~ ~ B S ~ ~ T V ~ E ~ ~ ~ ~ H ~ N ~ ~ E D ~ S ~ ~ E ~ U ~ ~ E ~ T R ~ ~  
1DpOToSTBtLDsTCK) 
IF IIEXTSA-€E 220p215c220 

215 CONTINUE 
250 FORMAT (///2Xpl5H LCADIlVG S T E P  = 14//$ 
251 FORMAT ( / / / / 2 5 X 9 3 6 H T H E  FCLLOWIMG A R E  INCREMENTAL VAlUES//) 
252 FORMAT f 1 0 H N O D A L  f?ING9lOX, 12HAPPLIED LDADpl9x913HDISPlAt€~€NlS) 
253 F O R M A T  (14x1 ~ H V E R T I C A L ~ ~ X ~ ~ H M O M E N T ~ ~ ~ X V ~ H S L O P E ~ ~ X T  1OHOEflECTION 

l//l 
254 FORMAT 13X9f492X~D1506o2X9D1506~2X9D15~692X9D15c.6) 
256 FOR~AT(//2X97HfLEMfNTp 4Xo8HMOMENT l p  8Xp8HMOMENT 2rlOX97HSHEAR i p  

1 9Xv7HSHEAR 2//1 
257 FORMAT ( 3 X 9 1 4 9 1 9 X 1 D 1 5 0 6 p 1 9 X o D f 5 0 6 )  
258 FORMAT (//25Xp30HTHf FCLLOWING ARE TOTAL V A L U E S / / )  
220 STOP 

END 
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4 FORPAT (//25X,30HThf F O L L f l I d I N G  A R E  TUTAL V A L U E S / / )  
5 F O R R A T  ( / / ( Z X p 7 H E L E ~ E N T p 5 X o l ~ H T A ~ G E ~ J ~ A L  M O M E N T ~ 5 X ~ l 6 H R A D I 6 1  C U R V A  

l T U R E 1 5 X 1 2 0 H T A N G E ~ T I A L  C L R V A T U R E ) / / )  
6 F O S M A T ( 3 X ~ I 4 ~ 8 X s D f 5 * 6 u 6 X p O L 5 0 6 r B X o D 1 S o b )  

175 RETURN 
ENG 

c 
c 

8 



f 

r 

c SUBROUTINE FOR INTERPOLATION 
t 
c 

SUBROUTINE INTER (YpXpNsAoB9IEXTRA) 
DIMENSION Y ( l l p X ( 1 )  
D O U B L E  PRECISION Y v X P A ~  BpD9Dl 
DO 30 I=l,N 
IF ( A - X ( I ) )  20915925 

15 B = Y ( I )  
IEXTRA = 1 
GO T O  35 

20 D = A-xti-1) 
01 = X(I)-X(I-l) 
B= YtI-1) + i 3 / D l * ~ Y ~ I ~ - - Y ~ I - - ~ ~ )  
IEXTRA = 1 
GO T O  35 

25 I F  (A-XINII 30,15,40 
30 CO N T I N U E  
35 RETURN 
40 I E X T R A  =2 

PRINT 45 
45 FORMAT (//60HTHE TABLE OF EQUIVALENT STRESS TAN. MODULUS M U S T  BE 

1ENtARGEGl 
GO TC 35 
E N D  


